Street lights consume a huge amount of electric energy due to their conventional control systems that automatically turn ON and OFF either using timers or light dependent resistor (LDR). In addition, such systems use a high power pulps, which is not a good option for energy saving, thus it causes a huge waste of energy in the whole world. Green and Smart Street Lighting System, is necessity to overcome such issues, especially with the emergence of Smart City. Therefore, this project aims to design a smart and green street lighting system (SGStreet-LS) for saving energy and utilizing renewable energy sources efficiently. The proposed system composes powerful ideas and concept to smoothly and efficiently control the operation of street lightings based on the sunlight availability and the motion detection by exploiting Arduinobased controllers with RF wireless communication support. It also utilizes low power LEDs that supplied from solar panels to replace the conventional high power lights. Also a part of this project is to study the relationship of energy and environment based on the emission of CO2 level in the experiment, and validate the compatibility of real implementation of SGStreet-LS. In order to switching lights ON, there are to conditions to be satisfied: LDR sensor detects lower level of lights intensity (darkness situations), and PIR motion sensor detects the presence of an object in the street (vehicle/human). Otherwise, the street's lights will be switched OFF. As a result, by implementing SGStreet-LS, the electricity consumption for the street's lights can be reduced in addition to lowering CO2 level by using renewable energy sources. The lights turn on before pedestrians and vehicles come and turn off or reduce brightness when there is no one.
INTRODUCTION
Street lighting is vital either in urban or rural areas, where people used to have such lighting systems since 18 th century [1] . It is the alternative light during night-time and also during bad weather conditions, in order to keep safety of the road users. In the past, streetlights were manually controlled, but the modern era is moving forward to implementing traditional systems in Eco-friendly ways [2] [3] [4] . The management control of the currently existing streetlights is quite simple, yet the number of streets has increased rapidly with the increasing urbanization rate [5] . Its aim is to yield a convenient street conditions during night-time, and also help drivers, pedestrians, cyclists and etc. to have a better sight [6] . For a low frequency of passer-by, the conventional street lighting systems seems to be ON overnight without its actual purpose. However, with the emergence of smart city and Internet of Things (IoT) evolution, more flexible-lighting technologies can contribute to more highly cost saving to nowadays street lighting system [7] [8] [9] [10] . The use of light-emitting diode lamps (LED) and also wireless control of the lighting process from the control room, fast responds based on application of sensors -conserving street lighting system become reality [11] [12] [13] .
Energy efficiency is the use of less energy and at the same time providing the same service with the aid of technology. However, energy conservation refers to the reduction for energy consumed in a process or system. Energy conservation is becoming a topic of great concern all over the world, especially in developing countries [4, 6, 11] . As cities expand, people are searching for a new solution to become more energy efficient and environmentally friendly. The green technology is rapidly growing up and becoming the alternative action and frequent being used especially in urban areas in order to get the benefit to the environment as well as energy saving by conserving the energy. One of the solutions that can be implemented to reduce energy consumption is by renovating their streetlight [10] . Another reason why developing cities change to green technology is to reduce the energy waste such as light pollution since most of the cities did not take into account about directing the light properly which can create over lit areas as well as emitted light pollution to the atmosphere.
Previously, individual switches at every streetlight control the streetlight. This type of streetlights is inefficient as well as waste the cost that needs to hire the work force to operate the street light every day. The other technology is by using the light sensor in order to command the light to ON or OFF based on light intensity, and other streetlights use the timer combines with optical control. All these street light technologies have some lack in terms of energy efficiency and at the same time will affect the energy saving. Indeed, a huge amount of energy had been wasted meaninglessly as the consequence of the unnecessary uses of street light [14, 15] . In Malaysia, due to the manually control of streetlights, there is notably electricity wasted as the lights are left ON without turning it off even though in day time. This happened because the low-reliability method and night street lighting is too bright and can contribute to energy waste. The element in previous technologies has led to second-generation street lighting with the proper improvement, which implement the automation system [5, 9, 13] . As a result, the labour intensity and cost can be reduced as wells as improving efficiency. However, this new technology has drawback especially in intelligent management such as midnight night strategy, which has poor energy efficiency. The reduction in energy consumption results in significant saving on the town's energy costs. Fig. 1 Proposed SGStreet-LS model Therefore, high energy consumption, inefficient control system, and lack of renewable energy utilization are among the issues in the existing street lighting systems. Smart and Green Street Lighting System (SGStreet-LS,) is necessity to overcome such issues, especially with the emergence of Smart City [16, 17] . In this paper, we have designed and fabricated a wireless control system for green (solar-powered) and smart street lighting as shown in Fig. 1 . The developed system is made on the basis of saving energy of street lighting by simultaneously utilizing TWO (2) sensors: motion sensor (PIR) and light detector resistor (LDR) to switch on street lighting only if both sensors are satisfied the conditions (darkness level and presence of motion). TWO (2) Arduino Uno controllers with RF 433 MHz Transmitter/ Receiver Module for short-distance wireless communication have been exploited for transmitting signal between detecting circuit (Slave) and controlling circuit (Master). LED lights are supplied by solar panels (one panel per each street light) to replace the conventional and high energy consumption lights. The lights turn on only when the PIR sensor detects any motion and the LDR sensor detect low light intensity in the road. The system uses solar power to produce energy itself, which shows a perfect example of green and energy saving system. This study adopted the following methodology and contributions:
(i) To design a smart and green street lighting system (SGStreet-LS) for saving energy and utilizing renewable energy sources efficiently;
(ii) To fabricate and implement an Arduino-based wireless system to control the operation of street lightings depends on light intensity and motion detection;
(iii) To validate the effectiveness of the developed system and its impact on environment.
The remaining part of this paper is structured as follows: The next section introduces the proposed system architecture and implementation. The results and discussion are introduced in Section III. Finally, a conclusion is drawn up in Section IV.
II. THE PROPOSED SYSTEM

A. Methodology and Materials
The term 'smart street lighting' refers to street lighting that performs the role of traditional street lighting and additional features are designed to increase its efficiency, productivity and services. Smart Green Street Lighting System or also known as an intelligent street lighting system is a control system for street lighting that responds or react when there is a movement from pedestrians, cyclist and vehicles. In other words, smart street lighting system refers to an adaptive street lighting where it can dim when no activity is detected, but brighten when there is a movement detected by the sensor. "Sensor is the heart of the smart lighting [18] . The flowchart in Fig. 2 illustrates the research stages followed in the present study. 
B. System Architecture
In this section, the structure of the developed SGStreet-LS will be presented along with the adopted methods for energy saving and utilization of renewable energy sources efficiently. Figure 3 presents a top overview of the developed prototype. The SGStreet-LS uses LDR sensor together with PIR motion sensor that can detect the moving object and the light will switch on according to the movement of the object. These sensors will connect to Arduino microcontroller in the Slave circuit which processes the data and transmits to the Master circuit to control the light switching concept. Whenever the sensor identifies the passer, it will communicate to the neighbouring Master controller and switching ON the street light then it will assist the road user. The street light will turn OFF when no movement detected; thus, this system will play a significant role in saving the electricity without affecting the comfort zone. In addition, the innovation of our SGStreet-LS includes the type of lighting fixture, alternate power source to solar system, and improves the technique by using sensor and controller. SGStreet-LS exploits a solar panel to generate its energy. Solar energy is the most direct, common, and clean energy on our planet we have already found until now. Solar cells convert sun radiation into electrical energy that is to be supplied to the lighting fixtures. Using solar system as the energy source of the street light saves up to 80% of energy, which in turn saves the energy cost as well.
For the simplicity of discussion, Fig. 4 illustrates the overall architecture for both Slave and Master circuits and their components. As we can notice, the Slave circuit includes PIR and LDR sensors to monitor motion and light intensity respectively. The two sensors are connected to two input ports of Arduino to update their data in real time. RF Transmitter is used to transmit data wirelessly to Master circuit which in turn received the data messages via RF Receiver that connected to its Arduino controller. The Master circuit switches LED lights, which are supplied by solar panels, ON/OFF according to the received messages from the Slave circuit. 
C. Operation Mechanism
The working mechanism and the features of the SGStreet-LS are described in the flow chart ( Fig. 5 ). Firstly, in daytime, the system utilizes solar panel to harness sunlight in order to produce electricity. Charges are stored in a battery. A solar charge controller it used to regulate the energy flowing from the solar panel and transfer it to the batteries. Moreover, the system uses two Arduino UNO microcontroller separately; one in the detecting circuit (Master), another one is used in the controlling circuit (Slave). In the Slave circuit, a LDR sensor is installed to determine whether it is night time. The LDR MASTER senses the intensity of sunlight and when it detects that it is day-time, the LED will remain OFF regardless of the motion presence. During night-time (or darkness weather), here the output of PIR sensor is considered. The PIR sensor is installed to detect motion in its coverage area. The PIR sensor is a passive electronic device that detects motion by sensing infrared fluctuations. If the motion is detected and the light intensity level less than threshold value, then a message with a value of "1" will be sent to the Master circuit over wireless medium, thus the Master controller will switch ON the street lights for a predefined interval unless it received another message of "1" from the Slave circuit. Ten-second duration is programmed for the lights to remain ON status.
In night-time, the PIR sensor emits infrared wave in its coverage range. When there is any motion occur in front of the PIR sensor, the infrared obstacle avoidance value is HIGH; the detecting circuit sends a signal to the controlling circuit. A relay is used as a switch turn the lights ON/OFF. The receiver was set up to use the same transmission rate as a transmitter form the detecting circuit so that it only can receive signal from the transmitter from the first microcontroller. When the signal is received, the lights are turned on for ten-seconds. At last, the system loops into the first step to repeat the process. 
III. RESULTS AND DISCUSSION
This section presents results of testing and validating SGStreet-LS controlling using practical prototype as shown in Fig. 6 . Energy consumption had been estimated in both; new and conventional controlled systems as illustrated in Table I . In the conventional street lighting systems, streetlights are usually switched ON from dusk to dawn. For instance, the working shift of streetlights is 7 pm during sunset to 7 am during sunrise and sometimes the streetlights are not turned OFF in day time. As an approximation, existing streetlights are turned ON for 12 hours a day. In contrast, the proposed SGStreet-LS, will only turn ON when it detects any motion.
Being built in rural area, only less pedestrian and vehicle use the street. In normal time where no one uses the street, the streetlights remain in idle mode where all the lights are turned OFF. The lights will only turn ON when there is vehicle passes by the street. Due to this, most of the time the light is in OFF mode. Here, substantial energy is saved due to the lights are switched on only when it is needed.
Likewise, LED is used to replace High Pressure Sodium (HPS) as lighting fixture of the streetlights. Compared to HPS, LED has no emissions like HPS lamps, its high luminous efficacy that uses only 2-17 Watts of electricity compared to HPS that uses 10-90 Watts of electricity shows that the suitability of using LED. Other than that, the usage of LED in replacing HPS saves maintenance cost as well. The lifespan of HPS (24000 hours) is obviously less than LED that can lifelong for 100,000 hours. So, the usage of LED enables the reduction of more than 50% of the total energy used by HPS lamps; that by its order reduces the required PV arrays. Further, from the environmental point of view, usage of LED helps to reduce the emission of carbon dioxide (CO2) into the air. Therefore, applying the proposed system, streets can be illuminated with lower power lamps, no operating costs, no CO2 emissions and environmentally friendly. In the existing system, a HPS street light with power around 150 W lights up around 12 hours a day (7 pm-7 am).
In one year, a single unit of street lighting costs:
However, a LED with power around 60 W is considered to use around 6 hours a day. In one year, a single unit of SGSTreet_LS costs:
Total energy cost saved for one-unit streetlight in a year According to the results, a single proposed streetlight unit saves around 525.6 kWh in a year. Based on Tenaga Nasional Berhad (TNB), tariff that applicable for streetlight is Tariff G. which states that for all kWh is 19.2 sen/kWh. Hence, a single proposed streetlight unit could save around RM 100.91 a year. Converting it into numerous quantity of streetlights in a city, an abundant energy cost is saved.
According to (CO2 Emissions, n.d.), every 1 kWh energy would emit 0.73 kgCO2. Hence, in a year a single existing streetlight unit that uses 657 kWh/year would emit 479.61 kgCO2/year. (Note that it is only one unit of streetlight) Around 384 kgCO2 is saved in a year for only a single streetlight unit. In a city that has numerous unit of streetlights, substantial CO2 emission is reduced in a year.
Other than that, the proposed SGStreet-LS exploits a solar system as its independent energy supply. The polycrystalline solar panel harnesses energy from sunlight and store it into the battery. A solar charge controller is utilized to manage the flowing of charge in order to prevent overcharging or overdischarging of the battery. Using the solar energy in SGStreet-LS provides a benefit in terms of energy saving as well. By utilizing solar energy as a self-reliant energy in the SGStreet-LS, substantial energy is saved for the reason that the streetlight does not need artificial energy to be lighten up. Less energy is used therefore less impact occurred to the environment.
For example, in the developed system prototype, three 5 W, 220 mA solar panels are used to charge the 12 V, 7.2 Ah battery.
Considering that the battery is not 100% efficient, it is more likely around 80%. Thus, Night-time without motion, thus the street lights are OFF Daytime and there is a motion, thus the street lights are OFF In night-time, when PIR sensor detects motion, the street lights are ON Therefore, the battery needs around 33 hours to be charged fully by the solar panels. In this paper, the solar street light proposed has a pole height of 6 meters, which can illuminate up to 20 meters roadway. Here, the recommended distance between each pole is 18-24 m, and the maximum illuminance level is 32 lux where the minimum is 20 lux.
IV. CONCLUSIONS
Green Smart Street Lighting System is a cost effective, practical, eco-friendly and a safe way to save energy. A SGStreet-LS with high degree of adaptability was developed in this paper. The system takes advantage of an energy saving strategy and the use of wireless connection module to achieve an increased energy efficiency as well as renewable energy utilization. Although the benefits of having such system in place are undeniable and clearly seen, many factors need to be taken into consideration before it can be fully implemented.
The proposed system clearly tackles the two problems that the world is facing today (energy waste and pollution). Overall, it may be said, SGStreet-LS saves energy and maintenance cost greenly and can reducing energy consumption up to 80%, thus cutting down the cost of electricity and lowering down the emission of CO 2 to the atmosphere by utilizing renewable energy source.
